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, PREFACE

> The work reported in this technical note was conductea as a sub- i
,lv(
task within a larger project directed toward the assesswent of tactical ]
deception in antisubmuarine warfare. The project was sponsored by Naval i
1
! Analysis Programs, Mr. R. J. Miller, Direcior, in the Office of Nawval ]
‘:

Resecarch., Mr. J. G. Smith was the ONR Project Scientific Officer.

i The reseuarch effort was performed by the Naval Warfare Research ;
5 f Center, Mr. L. J. Jow, Direclor, of Stanford Kesearch Institute.
" Mr. A. Bien of NWRC was the project leader. 1

The author wishes to thank Mr. M. W. Zumwalt for his invaluable

help in the preparation of the simulation model description,
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1. INTRONDUCTION

A simulation model that rvepresculs a submarine’s search lor o high
value target within a specifled operating arca ir described in tnis
report . This model was developed as an adjunct to the formulation and
implementation of a computationally more efficient analytical mmlu].‘
The simulation mudel served two purposes. ¥Firvst, the simulation model
provided a validation ol the statisticeal inputs used for ithe analytical
model.  Specifically, the simulation studies validated the applicability
of the analytical model for determining rate of encounter between sub-

marine and targets.  Sceond, resulis obtained through exercisc of the

o 1
i similation model provided a convenient check of the reasonableness of
!.
! analytical model results.,
.
; !
i
¢ 1" . re J
J. M. AMoore; scemi-Markov Models of Scarch in the Presence or Decoys, ;
! . !
: NWRC RM-64, SRI Project 3J016-2145, Contract NOOOLI-71-C-0119; Stantord
Rescarch Tnstitute, MenJo Park, Californiag Juby 1971 (UNCTASSTEFTED)
1
J



2. GENERAIL SIMULATION MODEL CHARACTERISTICS

The overall simulation wmodel is comprisced of threce sceparate computor

submodels.  EBach of thesce submodels is desipned to vepresent a specific

PURUPE DU

sot of operational conditions which may characterize the various phasos
of submarine scearch for a high valuce tarcget (HVE) in a specificd area,
The operational conditions vepresented in thesoe submodels include contin-
uous submarine scarch--with and without false targets (decoys) present,
and submavine scarch cmploving the sprint-drift tactic without talse

targets present.,

e T i K G kSl 3 .
. oriin

Each of Lhese submodels s programmed in the BASTC algebralce languagce ¢
for processing and operation by o time-share operating systom incorvorating j
|
a CHC-646G0 computler. Becausce of time-share systom limitations, particularly i
:
with regard 1o output of results, these submodels are constructed o o to ‘
i

facilitate independent operaltions,

Those model characteristics which are common Lo all three submuode s
are desceribed and discussed in this section; wheveas pecularitices o each
H

submodoel are discussced in the scevions which follow.

Thoe primary oulput of cach submodel s the elapsed tiwme fo HWVT
deteclion by the submarine scavcher and vovious statisticatl guantifics

wvhich charactorize the distribution of the time Lo HVT detcetion,  Specific

Lo



aspects of the various common model characteristics are discussed in the

paragraphs which follow,

2.1 Operational Framework

In cvery case, the arca is considered to be circular in shape with
a known radius, R, While the radius of the avea may be inputted as o

paramcter, tt huas usually been assigned a value of 200 i,

For rcelorence purposces, the center of the arca is made to coincide
with the arigin of a cartesran coordinate systom, oviented so as to
position the X-uxis in a horizontal direction, Initial and subsceguent
participant positions are expressced in torms of the underlying coorvdinate

Systoem.

The initial posiiions of the UVYT and decovs (if ipeluded) are
randomly distributed within the arca. This is accomplished through

the use of random numboers uniformly distributed on the interval EU,]_J in

the following mannc», %

Lot ul and u, be 1wo numbers drawn randomly from a population of
. . . . . : r 1 .
mubers which is unitformly distributed on the interval 10,15, Then, for

example, the initial position of the HVIT, P
[$1 9]

, Is determined as:
P - (Ru,, 21‘['.11) = [Ru, cos (Bﬂul), Ru, sin (211'111)]

Initial positions [or the decoys arve determined 1n a similar manner

utitizing, of course, different vandom numbers,




In the casc of Pthe submariace scarcher, the mode!l user may cxercise

an option to scleect cither an initial position inside the area or a
positien on the boundary of the area. In tivis latter casce, the initial

submarine posgition, P, would be (u3 is again a random number):
S50

.

Mg = (R, Z”ug) = IR cos (2ﬁu3), R sin (2ﬂu3)]

In the fomer cuase, the procedurc would be similar to that described

above for determining the initial position of the HVT.

For the majority of the cases investigated, an initial submarine

position on the boundary of the scarch arca was selected., This conditicn

was considered to more accuratcly describe the actual operational situations

which might be cncountered.

2.2 Model Time
Each of the submodels cmploys a fixed time-step form of operation to

record clapscd program time. Thus, participant motiom and the occurrence

non-occurrence of various cvents are cvaluated at constant, discrete points
in time, This form of model construction necessitates a tradeoff betweoen

the siz¢ of the time-step and thoe concurrent aztual runping time of the

program., Curyently, a time-step of 0.5 houvrs is used, This intcrval

provides a sufficiently detailed description of the interactions of the
various forces, while notl requiring exorbitant program running timo.
Of course, the size of the time-step may be inputted prior to program

utitizatioon,

A AT + s i, it S i

i e et




: 2.3 Submarine/HVT Decoy Motion

Once the initiai positions of the various units arc determined, the
motion of cach is the result of a pseudo-random process. That is, the
choice of dircection is purcely random, but the unit speced and length of time
on g¢ach leg are predetermined. Further, becausc of the finite nature of
’ the boundary of the arca as well as other operational considerations,
the motion of tho various units may be inhibited to conform to these con-
ditions. Area boundary effccts are discussced in this section; other

operational factors which inhibit unit motion arc discusscd in the

appropriate sections which follow.
A typical search initiation situation is illustrated in Figurc 2-1.

Where, as previously described,

P = {(Ru_, 2mu_)
co ( 2 1
and p = (R, 2mu ) .
S0 3
The initial direction of HVT motion is then the angle 9 = 27u

cO

titat is, the initial HVT movement is -adially away from the center of the
area. This mover~nt is indicated by the dashed linc originating from

. P in Figure 2-1. The scarcher, on the other hand, moves initially
c co

towvard the conter of the area in a direction equal to 9 = 2ﬂur. It
S0 o

should be noted that the angles O ana © are measurced countcorclock-
co S0
wise from the positive X-axis and do not, thercfore, corvrespond to the

usual East West, North-South orientation. Decoys, if not stationary, move

initially in a manner similar to that cexhibitoed by the HVT. No further

5




FIGURE 2-1 TYPICAL SEARCH INITIATION SITUATION
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comment will be made in this section regarding subscquent decoy movement

for this aspcecct of the model formulation will be discussced in the sccotion
dealing with the peculiaritices associated with scarch in the decoy
ficld environmment,

Contrel over the movement of the HVT

and the submarine is cxerciscd

in two ways: Dby specifying, as a program input, the length of cach track

segment; and automatically, by ”roflccting" cither the HVT or the subma-

rine off the boundary of the areca.

As an illustration of thesc two procedures, consider that the length

of the HVT track scgments has been specified (inputted) as a maximum of
[

L mmi. Then, using the situation depicetoed in the previous diagram, if
c

) vy o+ L = R, the IVT will move along the dashed line until cither a distance
L ¢ 1
S L from P is reached or the HVT is detectoed by the submarine.
4 i« [age)
For cither condition: HVT completes movement of L nmi or HVT at the E
C 1
boundary of the area, a ncew dircction of movement is determined by calcu-
“ . Ll . T f
lating a  turning angle, 8', such that §
i
8' = 2m (u a random number) !
. . . 4
and the new dircction of movement is then
- ¢ - D a )
new old p

subjuect to the constraint that, if the HVT is outside the arca, 6 must

new

result in returning the HVT to a posi ion within the arca.




It should be apparcent from the foregoing discussion that the speed

of the HVT (and the submarine) is specified prior to beginning the model

run and 1s constant throughout the run.

Movement of the submarine is accomplished in a manner cxactly

simitar to that described for the HVT.

It should be noted that the effect of keeping the submarine within

the areca boundary reflects an implicit assumption that the submarine

ok, i o

posscsses perfect information concerning the size and location of the
scarch arca. If this were not the case, it would be necessary to overlay

the circular arca with an arca representative of the degree of submarine h

intelligence information, Such a submarine areca might be larger, smaller,

and,’'or offsct from the actual area,

ek mm oms

2.4 Detection of the HVT and/or Becoy

In each of thc submodcls, the detection capability of the submarine
against cither the HVT or the decoy is described by a definite range
probability law or 'cookin cutter.” That is, for some range RD, the

probability of detection is

{1 r= R_

P {Det] = ) v
IO r>nR

n

vhere r 1is the range between the submarine and cither the HVT orx the

decoy at the nd of a particular time-step, JIu this regard, it is possible

for the submarine to pass the VT or decoy within detection range during




a time-step without a dcteetion being recorded if the range between the
final positions is sufficiently large. Again, judicious sclection of the
time~step, keeping the possible relative speeds in mind, can serve Lo

minimiz« this possibility,

In actual operation, a value of RD may be specified for both the HVT
and the decoy which reflects characteristics of the HVT and decoy, the
various envirommental effects, and the other factors which determine
detectability of HVT and decoy. Obviously, onc method of reflecting the
efficiency of the decoy in accurately impersonating the HVT is to make the

detection range of the decoy approach that of the HVT,

2.5 Input Paramecters

In a slight departure from the previous format of presenting only
the common teaturcs of the various submodels, all of the necessary input
parameters for cach of the submodels are prescnted in Table 2-1. The
entries in Table 2-1 are so arranged as to present the common inputs
required and then the speciflic inputs requirved for cach submodel. TFor
casc of refcerence, the BASIC paramcter symbology for the various input
quantities is indicated in Table 2-1 rather than the more traditional
mathematical notations,

Necavse of the random aspecots introduced into the models, the results

from cach of the submodels are amenable only to statistical interpretation.

For this rcason, it is nccessary to replicate the model resalts many times



Tuble 2-1

SIMULATION MODEL INPUT PARAMETERS
— e
Baslc Symbol Vetinition Units
Comon Parameters
vC HYT Velocity kt
CouRe Lapgth of HVT Track Segment (COURC < R) nmi
R Radius of Objective Aren nmi
br Time Step Iveroment hr
NREPLI Number of Program Replications (Note: NREPLI 3 500 for Integer
Contiwouy Seurch--With False Targets Subwmodel)
° ontinuous Search--Without False Tavgets
2 .
’: RO Radins of Detection of HVT by Submarine nind
. ' Vs Submurine Seurch Vetocelty kt
) COURS Length of Submavine Track Segment (COURS < R) umi
Ant/Drift _Svgurvlhvwlumu_t_ False Targ
» ‘ vssp Submrine Sprint Veloclly (VSSP-SBP s R) KL
M VSDE Submarine Drift Voelocity (VSDE-DFP < R) kt
1 sPp Submarine Sprint Period hy
i nEp Submurine Brift Peordod hr
M 1 RbS Radius of Detection ol VD hy Submarive During Sprint nnk
_' . RLY Radius of Detectlon of VT by Submuriuve During Drifl i
’ L¥ILE Program Rostart Parameters--tfor Use lu Cnse of Intoger
LREC Progrum Exceution Interruptioun.  Initial Values: Integer
. ‘ w LEYLE - 1, LUNC .- 0, 1P .} Integer
]i Continuous Search--With Fulze Target Field
!
Ve Submurine Search Veloelity kt
i L2OURS Length of Submaving Track Segment (COURS X R) mnd
5! counrn(r) Peuglh of Decoy Track Sepment L1 1,2,3,4,5] i
S Leounn(ny = n]
; yDC(L) becor Yerovaty [0 0,2,4,4,8] [vbecn) > o) Kt
o e Boroy Clussiticntion Time i
i ™ beeoy "Turnud OL1" Tine ha
RER Radiuy of Detection of Docoy by Bulmirine nmd
R2R Radiug of Detection of VT by Submarian um}

10




for cach sct of operational conditions which are to be investigated. Thus,
provision is included in cach submodel for uscer specilication of the number
of replications of model results desirved. It should be noted that, because
of the increased computational time due to the added presence of decoy, the
number of replications for the continuous scarch with the decoy sub-

model must be limited to less than, or at most, 500,

All other entries in Table 2-1 are either self-cxplanatory ar are

discussed celsewhoere in this technical note.

2.6  Submodel OQurputs

In cach casc, the principal quantity measured is the elapsed time to
3 p

first deteetion of the HVT by the submarine. Since detcection is charac-

terized by a definite range probability law, first detection is cquivaloent

to first cncounter, where oncounter occeurs whenever the range between the

subnarine and the WWT is less than some predetermined value.

The output of vach submodcel consists then of the samuple mean,

variance, and siandard deviation of the time to First detection., ¥or the

two continuous scarch submodels, these values are indicated by the DASIC

symbols: MEANC, VARC, and STDEVC, respectively., For the sprint. deifi

submodel, the output format huas been modificd to print ou* the full titles:

'

"STANDARD DEVIATION,' cte.

et i Lkt ek n e

ot e .t Ea




P

In computing the sample variance, the consistent estimator formulation

for the population variance is used, that iss

1 M
h - 2 T - Y
M <4 ( i ) ’
i=1

M

E T } and § is the ssmple variance.
i

i-1

= 1
where T is the sample mean § = ﬁ
The output of the two continuous scarch submodels also inc ludes both
a frequency count and a cumulative frequency of occurrencu of first de-
tection as a function of clapsed time interval. Further, the output of

the continuous scarch with the decoy submodel includes o listing ot

specitic times of first encounter of the HVT with the submarine for cuch

of thce replicutions,

s e L ma el e




3. CONTINUOUS SEARCH ~ NO DECOY SUBMODEIL

This submodel represents ihe basic structure for all of the sub-
models constructed to date.  As such, the internal structure of this
submodel is eoxactly similar to that desceribed in the preceding scection,

A single submarine scarcher secks a single HVT within a delincated
objective operating arca,  The two units wmove in a pscudo=-random manner,
staying within the objective arven at all times,  Fach case or replication
is terminated at the instant of initial submarine-IIVT cncounter/detection,
The results oblained from exercising Lhis submodel for ranges of the
various inpul parameters provide the buseline data for evaluatang lhe
etffoctiveness of various tactical procedurces, ACM cmployment poiicies,

and combinations of both.

A iyvpireal example of the type of motion which this submodel generales,

records, and cvaluates is shown in Fig, 3-1.

An cxample of the results oblained from cxercising this submodeld

is preseanted in Fig, 3-2.
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1. SPRINT/DRIFT SEARCH - NO DECOY SUBMODEL

This submodel differs from the baseline submodel in two principual
aspeets:  the manner in which the motion of the submarine is reguluted

and the manner in which detecetion of the HVT may occur,

As indicated in the title of this submudel, the submarine cmployvs

a toctic of first executing a high speed sprinl and then a slow speed
drift to attempt detection of the HVT, Thus, motion of the submarine is
characterized by four input paramcters:  Lhe sprint speed, the sprint
period, the dritft speed, and the drift period.  Inm this manner, the single
length of submarine track segment (COURS) specificed in the basceline sub-
model is replaced by two track lengths cqual to (VESP«SSP) and (VSDF-DIFP),
respectively, (Sve Table 2-1 for definition of symbols.) At the end of
cach of these track lengths, noew, random headings arce determined for the
submarine. This procedure is illustrated in the example piot ol submiarine

and HVT movement presented in IPigure 4-1.

Under actual conditions, @ submarine is effectively "acoustically
blind' during the sprint poriod., There may be instances, however, when
the speed scliected for the sprint tactic is not so high aus to completely
climinate the detection capability of the submarine, especially if the
submarine and the HVT should pass close abeard one another,  For this

penson, provision is tncluded in this submodel for specifying o submarine

16
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deteccion capakility during the sprint period although, in all runs to
date, this value has been set so low as to offectively precluade such

detections,

Four programs are required to exercise this submodel, These programs
are: "SPRINT," "FILECR," "UFDATE," and "STATICS." The last of thesc,
"STATICS," performs the statistical analysis of the results of the various

replications and prints the summary data,

The program, 'SPRINT," comprises the main program of this submodel
and models all of thc details of the search, As such, this program requirces
specificatior. of all of the initial input parameter values indicated in
Table 2=1, Prioxr to the execution of SPRINT, an independent subroutinc,
LITBAL, must be called into the processor, This is accomplished by the

(3]

system command, ''Get, LITBAL."

The two programs, "FILECR" and "UPDATE," are utility prog)oms that

e

manipulatc permanent program data files, These programs were found to be
nocessary in crder to safeguard against loss of accumulated data in the
case of machine failure or program interruption during lengthy program

v T

cxecutions. The three parameters, "LFILE," "IREC," and "IP" arce uscd to

recover and restart program cxecution should it be interrupted. (LFILE

is the BASIC symbol for 'Last File Updated,"” and IREC is the symbol tor

"Last Bocerd Created.')

The output trom the SPRINT program is printed on magnetic tape after
cvery 20th replication, This output is then available for cither

L4




statistical analysis, using the STA1IC program, and/or permanent storage
on magnetic tape using the UPDATE program,
An example of the results obtained from exercising this submodel

is presented in Figurc 4-2,
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5. CONT INUOUS SEARCH - DECOY FIELD SUBMODEL

As the title implies, this submodel incorporates the ceffects on
scarcher cffectiveness due to the presence of decoys within a specified
area, This innovation requires several departures from the procedures

established for the basecline submodel,

As betfore, the submodel includes a singlc submarince scarcher and a
single HVT. Duc to limitations on computcer corce storage in the present
time-share system, the number of decoys must be restricted to five or
less.  Inecrcascd capacity can be achieved through the use of utility
programs such as those described in the preceding scction, but this has

not been done at this time,

Either stationary or moving decoys can be simulated through appro-
priate specification of the decoy velocity, VDC(I). Becausc of some of
the computations involving VDC, bhowever, this vaiue connot be zero,
Therefore, the stationary decoy is represented by making VDC very smnll,

albeit, positive,

The HVI and the decoys are initially positioncd within the arean;
the submarine scarcher on the boundary. All of the units are permitted
1o move in the pscudo-random manner described before subject to the
provision that no decoy may approach t ¢ IIVT c¢loscer than (RIR + R2R)nmi.

(Sce Table 2-1 for definition of symbols,) This coritraint insures

21
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that the influence ficlds (detection radii) of the HVT and the decoys
shall never overlap. If the decoys are capable of movement, the HVT is
allowed Lo move in an unrestricted manner and the decoys are required to

[ remain clecar of the HVT., Obviously, if the d-coys arc considercd to he
stationary, i.c.,, VDC is very small, this condition must be reversed.

If overlap should occur at the time of determination of initial positious,

the initial positions of the decoys arc adjusted so as to eliminate the

: overlap.

If the submarine searcher comes within detection range of a decoy,

the submarince is considered to spend a period equivalent to TC hours

classifying the decoy. During this time, the submarine is precluded from
making new detections on either the HVT or other decoys. The period TC
is also sometimes referred to as 'decoy capture time” or decoy hold

time, "

During the period TC, the decoy continucs to move in accordance with
ihe appropriate pscudo-random procedures. The submarine searcher is
assumed to move in consonance with the decoy. The position of the decoy

at the end of the period TC is taken to be the re-start position of the

g

submarine seurcher,

ot eaTEaL

To simulate submarine memoxy of classificd decoy locations, the

dceoys are turncd off" by the model for a time TM following the classi-

{ication period, TC, This permits the submarine to clear the immediate




area of the decoy, Obviously, the period TM should be made at least as

long as RIR/VS when specifying this input value.

If it should occur that the submarine is within detection runge of
two or more decoys at any given instant, the model assumes that the sub-
marine will investigate and classify the nearest decoy, ignoring the
others, If ever the HVIL is within range, the model assumes that it will
be detected and classified by the submarine without regard for whatever
decoys may also be present. As in all other cases, the instant of first

detection of the HVT by the submarine terminates the specific replication,

A typical example of the motion generated for the various units
within this submodel is presented in Fipgurc 5-1., In this example, 4 decoys
arce present within the objective area (D1, D2, D3, and D4 in Figure 5-1)

along with the HVT and submarine searcher.

An example of the type of results obtained from cxercising this

submodel is shown in Figurce 5-2.
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EIGURE 5-1 SAMPLE PLOT OF MOTIONS OF FOUR DECOYS iD‘,...D_,), SUBMARINE,

AND HVT FROM A TEST RUN WHERE ALL EXCEPT THE SUBMARINE
ARE PREPOSITIONED INITIALLY
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Appendix A

PROGRAM LISTING FOR CONTINUOUS SLARCU -
NO DECOY SUBMODEL (MOD 1)
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MODI

PAi0°
NR110
AR120+
02139
notao
nB150
nR160
BA170
nAa18A
na19e
G200
ne214
QA229
neB230
BaAzap
Ae250
AA260
0a270
po28e
PRB290
pa3e0
nea3I1o
@320
PB6338
pa3ap
20358
PR366
2a370
20380
AN390
22409
00410
R a2o
AP 43N
PRagn
PR 450
AR 4R
BR47Q
ne4a8n
AA490
A0500
nesSiy
noSen
aa530
On5a0
nASSH
PAS60
AAS70
ANLEN
ANS90

B6710/71-

FROGRAM  MODICINPUT,OQUTPUT)
DIMENSION TNDCS)I» XDCB)Y, YDCSI L, ANGNCSY, IDNCS), COUKDCS)Y,
NOPD(S)

DIMENSION  VUD(S)

DIMENSION TDCVACI1083)

DIMENSION TDCOYC1O®)

DATA COUKD/ Ses»S¢s5e2»5¢55e/

DATA YD/ loslesrlestesrta’/

Rx200.

NINT=509

ITGTS=0

IPi=1

1P2=S5S

PRINT, xC*

PRINT,*CVYA RANDOM START IN AREA*
PRINT, *SUB RANDOM START ON ROUNDARY*
PRINT, *Cx*

CALL SECONDC(X)

Y=RANF( X)

XX=0.

PRINT,*ENTER VC, VS, COURC, COURS, RO»
READ, VC, VS, COURC, COURS, RO

=9

PRINT, *ENTER NREPLY *

READ,NREPLY

TIME=Q.,

HRS=0.

NDFCOY=0

TOELAY={-9+.*%VS)/50.+5%5.9

KOUNT=0

KOND=d

KONC=0

PRINT, *COUNTER, T ELASPED, T ENCOWUNTE RF D*
2902 CONTINUE

INC=@

INS=0Q

TNC=0.

TNS=0.

HRS5=0Q.

NFE=ST.+(1 7./ 6R0)

TD=8.

NOFC=0

NOPS=nR

DO 2 I=1,NDFCOY

NOPDC(IY=0

IDNCIY=0

TNNCIY=0,

2 CONTINUF

200 CONTINUF

ANGE= 6. 28319%« KANF (X X)
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MOD1

NACOn
AR&1A
AN&20
20430
DO6a0
PP6SO
00660
00670
PAERD
AB690
"a730
Q0719
DR720
Be730
ANT4R
AGTS0
PB760
BATIN
NOTED
anT90
BELY)
Nes10
OOB20+
DAK3IN
D840
P BESA
nOB 6O
NAETN
NOEBRA
PAROG+
naSan
nAI 1A
[ Y1)
AA93P
B9 4n
9 A9SA
60960
0970
APIRA
An99n
A1080n
21010
Argee
n1030
A 1040
21050
A106n
2179
A1ARO
21991

D6710771.

RADUS= Rk RANF ( XX)
XC=RADUS*COSCANGC)
YC=RADUS*SINCANGE?

ANGS= 4. 2B319% RANF (XX}

RAD=R

XS=RKAD*COS(ANGS)

YS=RAD* SINC(ANGS)
IF(NDFCOY.FB.®) O TO 820
DO &4 I=1,NDFECOY

CALL INDCOY(ANGDCIIXDCIY,¥YDCI)s XCr YCs X5, YSs XK K VG, VS?
TNDCIY=TNDC(IY+ {.

4 CONTINUE

BNA CONTINUF
DT=0.%
15 CONTINUE

TIME=TIME+DT

HRS5=HRKS+DT

CALL LITRALCTNC, XC,oYC» ANGC, XNO W, YNOW- INC» VC» COURGr XX
NOFCs, TDELAY, T

XC=XNOW

YC=YNOW

CALL LITRALCTNS, X5, YS»s ANGS, ANO VW, YNO W, INS, V5 COURS, XX »
NOPS, TDELAY, TD)

XE5=XNOY

YS=YNOW

IF(NOPS.FEQe ) GO T0O Q360

IF(NDECOY.FQ.9) GO TO 350

DO 350 1=1,NDECOY

CALL LITHALCTIND{IILXDCIIH»YDCIY, ANGDCL ) » XNOWs YNO Wy LDMNCT ),
UNCIY, COURDCTI» XX, NOPDCT ) » TDFLLAY > T)

XDCIdY=XNO W

YD{TI=YNOW

ase CONTINUF

CALL  MEFTCVC, VS, XC, YO, XS, Y5 TEND

IFCIFN.FQ. 1) G0 TO 106

GO TO 300

120 CONTINUF

KOUNT=KOUNT+ 1

KONC=KONC+ 1

TODCVACKONC)Y =HRS

IPRINT=1P1*10

IF(TPRINT.NE.KOUNT) &0 TO 1000

IPI=Tk1+1

PRINT 95, KOINT, HRS, TIMF

95 FORMAT(IN1A,2F11.4/)

1P CONTINUF

[EOCOINT.FQsNREPLT) GO TO 97

FESTAT=1F2%10

IFCISTAT.NFKOUNT) GNn 170 1010

CALLL  TICCTDCVA, TDCOY,KONC,KOND: EXPT, VAR I ST1AT, VS)

A




MODI

N1109
1110
21120
71130
21146
G1150
Al1160
1170
11802
21192
n1200
21210
21220
21220
31249
N1250
nN1269
v1270
A1280
21290
01360
N13i0
"1329
A1330
A1340
21350
A1360
1370
A 1389
B399
DL apy
N1a1o
D1 4a2@
A1 430
01aa0
91450
N1460
Dl1a70
01440
N1490
1500
81510
21520
P1530
A 1540
A15%0
D1560
A1570
ALSED
A1590

P6/710771.

C LL FREQ(TDCVA-KONC,ISTATNRFEPLILNINT, ITGTS)
PRINT, *TIMF GT 5000
PRINT, I TGTS
IP2=1P2+5S
GO TOo 202
1010 CONTINUE
GO To 202
300 CONTINUE
IF(NDECOY.ER.9> GO TO 15§
DO 361 I=1,NDFCOY
CALL MEETI(VC, VS, XD(I),YDCI), XS, YS, TEN?
IF(IFN.FQ.1) O TO 500
361 CONTINUF
IF(KOUNT. E0.NKEFPLI) GO TO 97
GO TO 15
310 CONTINUFE
IF(NCPS.FQ. 1Y GO TO 1
PRINT, *MFET DECOY*
PRINT: I, XG(I),YDCI)
PRINT,XS5,YS
TKFFP=1
NOPS=1
NOPD(I)=2
TD=P.
GO TO 1S
360 CONTINUFE
NOPS=D
NOFDCIKFEEPY=@
XS=XDCIKEEP)
YS=YDCIKFEP)
DO 379 I=isNDECOY
IFCl.FCsIKFEP) O TO 3710
CALL  MFET(VC, VS, ADCE0,YDC(I ), X5, Y5, TEN)
IFCIENFQ.1) GG TO 310
3712 CONTINUF
IKFFP=0
GG T0 15
Q9 CONTINUF
5@8 PRINT »,*DFCOY ENCOUNTERED, T ENCOUNTERED*
PRINT, 1, HRS
98 CONTINUE
KOND=KOND+ 1
TDCOY (KOND)=HRS
KOUNT=KOUNT+ 1
GO TOo 202

wh

97 CONTINUE
IF(KONDa.FEG.0) GO TO 5S04
5P 4 CONTINUE

CALL TICC(TDCVA, TDCOY»KONC, KOND, FXPT, VAR,NREPL1, VS)
CALL. FREQ(TDCVA,KONC, ISTAT,NREPLILNINT,ITGTS)

A-4
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MOD1 A67107711 .

N16APA@ PRINT,*FREQUENCE GT 5000*
N1610 PRINT,ITGTS
P12 END




MODI

f1630
01640
A1650
N16602
A1670
N 1680
21690
21700
21710
1720
21730
A1740
21750
N1760
21770

Qe/10/71.

SUBROUTINE STATCTIME, ICOUT, FEAN, STDFV, VAR)
DIMENSION TIMEC1000)

SUM=0.

DO S5 I=1,1COUT

SIM=SUM+TIMF (1)

S CONTINUE
FEAN=SIM/FLOATCICOUT)
VAR=@.

PO 1@ I=1,ICOUT
VAR=VAR+ ( TIMF(1)-FFAN) %% 2

10 CONTINUE -
VAR=VAR/FLOATCICOUT)

STDEV= SURTCVAK)

RFE TURN

END




MODI

n1780Q
21790
21800
?1810
”i820
#1830
1849
@185
21840
A1870
D185
21898
21900
n1910
p1920
71930
< 19 40
- P1950
71960
21972
N 1980

0&’710771.

SUBROU INF TICC(TDCVA, TDCOY,KONC. iONDs EXPT, VAR, NREPLI, \S)

DIMENSION TDCVAC1Q@0)Y, TDCOYC192@)

PRINT, #*NO OF RFPLICATIONS*

PRINT,NREPLI

TDLAY=(«9.%yS)/50.,+5.9

IF(KOND.EB. 0> GO TO 10

CALL STAT(TDCOY,»KOND,MEAND, STDFVD»VARD)
PRINT,MFEAND, STDEVD, VARD

10 CONTINUE

PRINT, *MEANC, STDEVC, VART*

CALL STAT(TDCVA,KONC, FEANC, STDEVC, VARC)
PRINT, FEANC, STDFVCs VARC

IF(KOND.EG.D2> RETURN
EXPT=(P/C(1.-P))*(TDLAY+MEAND>+ TOLAY+MFANC
TERMI=P/Z((1e~P)%%2)

TTRM2=( TDLAY+MEAND ) %% 2
TERM3=(P/(1.-PY)>*VARD
PRINT, TERM1, TERM2, TFRM3
VAR=TERM1* TERM2+ TFRM3+ VARC

RETURN
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MODI 26710/ 71,

B199n SUBROUTINE LITBALC TN, XLAST, YLASTSALAST, XNOW, *NOVW, IND, Vs
02000+ COURSE» XX, NOP, TDELAY, TD)
P2010 IF(NOP+EQ. 1) G0 TO 30
22828 DT=.%

02030 R=200.

P20 40 IFCINDEQ.D) GO TO 282
2205¢ FLEN=TN«DT*V

Q2060 IFCFLEN.GT. COURSE) kRO TO 20
02070 DX=(DTxVI*COSCALAST?

22080 DY=(DT+*V)*SINCALAST)

A2090H RNOW=SQRTC(DX+XLAST)*x2+ (DY+YLAST»*%x2)
@2100 IFCRNOW.GT. R) GO TO 20
B2110 XNOW=XLAST+DX

P2120 YNOW=YLAST+DY

2130 GO TO 10

@2140 30 CONTINUE

2150 XNOWw=XL.AST

2160 YNOW=YLAST

92179 IF(TDLE. TDELAY) GO TO 15
N2180 PRINT,*LAST TD*

@219 PRINT,TD

02200 I1EN=P

221y NOP=2

pez2n Th=P.

02239 ALAST=6.28319%RANF(XX)

A2240 IND=1

AL2SO  TN=1.

p2260 PRINT,*T DELAY END=*

pe2270 ele] TO 15

D220 15 TD=TD+DT

2290 PRINT,*TD*

P230A3 PRINT, TD

. A2310 GO TO 25

N n2320 20 CONTINUE

' Mn233@ IND=1

, BW2340 TN=1.

- P2350 ALPHA=6.28319*xRANF(XX)

A2360 PHY=ALPHA+ALAST

2370 PHY=AMOD(PHY»6.2831%)

N2380 DX=¢DT*V)*COS(PHY)

N2399 DY=(DT*VIXSIN(PHY?

i AN2400 RNOW=SQRT((DA+XLASTY**x2+(DY+YLASTI**%x2)
t 2410 IF(RNCVW.GTR) GO TO 20

1 24200 ALAST=PHY

D2430 XNDW=XLAST+DX

R24400  YNOW: YLAST+DY

; n2450 10 TN= TN+ 1.

*_ nR460 25 CONTINUE

I @2470 RETURN

' D248 END




MODY

n2490
M 2500
p2510
Aes2n
nas3a
722540
p2s550
#2560
npesTe

06718771,

SUBROUTINE INDCOY(ANGDI-XDI.YDI.KC:YC,XS,YS.XX:R;VC:VS)

5 CONTINUF

ANGD1=64.2B319%RANF(XX)

XD1=R*COSCANGD1)
YD1=R*SINCANGD1)

CALL MEET(VC, VSs XD1, YD1, XS, YS- 1EN)D

IF(IEN.EGa 1)
RETURN
END

GO

TO

5
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MOD1 26710771,

#2580 SUBROUTINE MEET(VC,VSsXC,YC,XS,YSs 1EN)
02590 R@=60.

#2600 RANGE=SCRTC((XC-XS)*%2+(YC-YS)*%2)

22619 IF(RANGE.GT.R®) GO TO 1@

02620 IEN=1

A2638 GO TO 20

n264aB 10 1EN=0

02650 208 CONTINUE

02668 RETURN

02570 END




MODI1

22680
N2690
22709
22710
27120
62739
02740
p27s5@e
N276@
n2770
02780
2279¢
e 2800
2810
p2Bze
» 2830
» 28 40
22850
D2860
Q2870
0 2880
N28906
32900
ne2I19
a292v
A 2930
N 29 40
N 2950
B2960
N2976
i 0?2980
! B 2990
23000
23019
o ! w3020
' A 30230
A 3040
23950
Q3060
n 3070
73080
» 3690
n3100

B6/418/<11.

SUBROUTINE FREQ(TDCVA,KONC, I STAT,NREFPLI,NINT,ITGTS?
DIMFNSION TDCVA(1900), IFRE(500), TCOM(500?

DIMENSION IFREC(5S09)

ITGTS=0

IFCISTAT.LTeNREPLI)Y 60 TO S
I1SUM=NREPLI

GO TO 6

S ISM=ISTAT

6 TINT=10.
TMAX=2.

DO 7T . =1,NINT
1IFRECJ)I=Q
IFREC(J)=@

7 CONTINUE

Do 19 [=t,1SUM
DO 20 J=I1,NINT

TCOMPA=FLOAT(II*TINT
IFCTDCVACIY L GT. 5@80.) €GO TO 48
IFCTDCVACT) « ¢T. TCOMPAY GO TO 28
IFRECUI=TIFRECJII+]
IFCTCOMPALLT. TMAX) GC TO 10
TMAX= TCOMPA

GO TO 10

40 ITGTS=2 I TGTS+ Y
GO TO 1@

20 CONTINUE

19 CONTINUE

IP=IMAX/ TINT+1

DO 39 I=1,1P
TCOMCII=FLOATCII*TINT

e CONTINUE

IFRECC1)=IFRECI)

DO 1160 I=2,1P
IFRECCI)=IFRFCI)+IFREC¢I-1)

119 COMTINUE

PRINT,*#TIME INTERVAL, FREGUENCE®
DO 13¢ I=1,1P
TFCIFRECI)ZENQ.AY GO TO 1020
PRINT 35, TCOMCI), IFRECI) A IFRECCL)
35 FORMAT(IH »2X:E11.2,21 1)
170 CONTINUF

RETURN

END
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Appendix B

PROGRAM LISTING FOR SPRINT/DRIFT SEARCI -
NO DECOY SUBMODEL (SPRINT)




SPRINT

i 22100
: 20110
ne120
V0130
B01an
D0150
naten
nR170
U180
nN190
Y0200
209219
A B220
@230
QN2 an
62250
0260
PR270
DAR2FY
pez
Boa32Y
or31a
09320
20330
) A0340
; ¥ 9359
V0360
NO370
pR389
P390
YR LT
0410
A AA2H
¥ 0433
00420
BB 4sY
PR460
ARATY
B RABN
D B4
600500
|’ AASI0
‘ nNs520
BA530
N PS40
20550
BOSER
Wes5T19
OS8R
0V AS90

D6/ t1B771.

PROGRAM  SPRINTCINPUT;OUTPUT, TAPF1, TAPEZ, TAPF3)
CALL RETR(1,SHTAPE1)
CALL RETR(2, SHTAPE2)
REWIND 3

USECL I TBAL)

PRINT,*LLAST FILE UPDATE?x
READ,LFILFE

PRINT, *LAST REC CREATED?«
READ, LREC
PRINT, » VYSSP, RDS, SPP?%
READ, VSSP, RDS, SPP
PRINT,*VEDF,RDD, DFF? %
READ, VSDF, RDD, DFP
PRINT,*SUB RANDOM START IN AREA=1,0N BOUNDARY=2,WHICH?*
READ, I START

R=2008.

PRINT,*NO OF REPLICATIONS?=*
READ,NREPL.1

PRINT,*VC, COURC?*
READ, VC, COURC

XX=0.

PRINT,*ENTER 1P»

READ, IP

[COPY=]P%x20

K=LFILF

KOUNT=LLREC

CALL SECCND(X)

Y=RANF(X)

229 CONTINUE
ANGC=6.28319%RANF(XX)
RADUS=R*RANF(XX)
XKC=RADUS*CO SCANCC)
YC=RADUS* SIN(ANGC?

AN S= 6. 2B8319%RANF ¢ XX

GO TO (10,20), 1 START

19 RADUS=R*RANF (XX}

GO TO 25

20 RADUS=R

25 CONTINUE
XS=RANUS*COSCANGS)
YS=RADUS*SINCANGS)

DT=.5

TIME=0.

INC=Q

INS=@

TNC=0.

TNS=9.

Y=RANF( XX)

ISFSwW=0

IFCYe GTeue) ISPSW=1

AW v
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SPRINT Qe/s10/171.

PO6BB CALL LITBALCTNC,XC,YC,ANGC, XNOW, YNOW, INCs VCs COURC, XX,
PR513+ DT, R
PV620 XC=XNOW
@B638 YC=YNOW
GP64d IFC(ISPSW.FEQ.1) GO TO 36
A0658 TMSP=TIMF+DFP
00660 VS=VSDF
QG679 COURS=VSDF*\FP
20480 ROD=RDD
wR6e9® GO TO 35
20780 3@ TMSP=TIME+SPP
BOATIO  VS=VSSP
A0720 COURS=VSSP*SSP
ABT3AA RD=RDS
@O748 25 INS=0
. ARTSO  TNS=Q.
o GO760 150 CONTINUE
s 00779 CALL MOVSCTNS, XS, YS, ANGS, XNOW, YNO W, INS» VS, COURS, X%,
20782+ DT,R)
POT98 XS=XNOW
P ARPA  YSz=YNOW
i POEIYN DIST=SORT(IXC-XSIe424+(YC=-YS)%%2)
! 20820 IF(DIST.LF.RDY €GO TO 169
: POB30 IF(TMSP.FEQ.TIMEY GO TO 119
S NABAD  1FC(TMSP.GT.TIMEY GO TO 120
. 0850 PRINT,*ERRI~TMSP.LE. TIME*
' nuB6n 110 CONTINUE
@OBT0 IFC(ISPSW.FQ.1) GO TO 130
008X ISPSW=)
AO899 TMSP=TI 1E+SPP
A 0O90A VS=VSSP
#0916 RD=RDS
pE9PA GO TO 140
PA93% 1370 CONTINUE
Y940 ISPSW=9
ZP9S0 TMSP=TIME+DFP
Q0960  VUS=VSDF
PP9780 COURS=VSDFADFP
BB986 RD=RDD
@A99@ 4P INS=0
$1000  TNS=u.
pivle 17 TIME=TIME+DT
21020 C¢ L LITBALCTNCsXCsYCy ANGCs XNO W YNOW, INCs VCo COURE, XX»
210306+ DT»R)
01640 XC=XNOW
P1ASA  YCO=YNOW
W1Aeyw GO TO 150
AiAT0 190 CONTINUF
BiviA KOUNT=KOUNTH
B199@ WRITF(3,168) KOUNT, ME

e AN A S,




SPRINT A6/1 1771

A1100 160 FORMAT(110,F208.4)
1110 IFCKOUNT.LT.ICOPYY GO TO 2209
P1120 1FCIRFC.NE.® GO TO 464
31130 REWIOD |

A114@ REWIND 3

m115@ WRITFC1,413) KOUNT

P1160 4P7 READC3, 160 1,TIMF

@117 IFCI.EQ.KOUNT) GO TO 406
BP1188  WRITEC1,160) 1,TIME

B1199 6O TO 487

1260 406 WRITECL,160) I, TIMF
@1210 FNDFILF 1

01220 REWIND |

#1238 CALL REPLC(1,SHTAPF1)

P1240 REWIND 3

B1259 IRFC=KOUNT

Nn126d  K=1

012790 ©GH TO 314

1280 404 CONTINUF

21299 GO TOH  CaPR, 4a\D) K

N130D 497 CONTINUE

M1319 REWIND 1

@1320 REVIND 2

M1330 REWIND 3

1340 WRITF(2,413) KOUNT

M1350 RFADC1,4l13) NREC

B1360 413 FORMATCII®

#1370 IREC=n

#1380 I1F(NRFC.FG.2) GO TO 680
1390 415 READ(1,168) 1,TIME

1400 I1FCI.FO.NRECY GO TO Aald
1410 1RFC=1REC+]

01420 WRITF(2,1460) IRFC, TIME

p1430 GO TO Aals

1440 411  IRFC=IRFC+1

P1450 WRITF(2,160) 1R¥FC, TIME

P1asd AP RFAD(3, 16@) 1, TIME

1470 IFC(IKEC.EG.KOUNT) GO TO 420
B1480 IFCI.EQ.KOUNTY GO TO 420
1490 IREC=IRFC+|

1500 WRITE(2,180) 1RFC, TIMF

15180 GO TO 599

P1528 420 [HEC=IREC+1

71530 WRITE(2,168) 1REC, TIMF

#1540 FNDFILF 2

M155@ RFEWIND 2

M1560 CALL KFPL(2,SHTAPEF2) 1
1570 K=2
A1S80 KRFWIND 1
@159 RFWIND 2

N1 RIRSY e )




SPRINT d6sr1a771.

1600 REWIND 3

1610 60 TO 310

1620 413 CONTINUE

16300 RFWIND 1

1640 REWIND 2

1650 RFWIND 3

1660 WRITEC1,413) YOWNT

1672 READ(Z, 413) WNREC

1680 IRFC=0

16990 IFC(NREC.EQ.®) GN TO &05S
1700 610 RFADC2,160) 1, TIME

171@ IFCI.FEQ.NRFC) GO TO 615
1720 IRFC=IREC+1

1730 WRITEC(1,160) IREC, TIMF

1740 GO TO 610

175¢ 615 IREC=IREC+1

P1760 WRITF(1,160) IREC, TIME

D1770  60% READC3,160) I, TIME

17800 IF(IREC.EQ.KOUNTY GO TO &20
#1790 IFC1.FEQ.KOUNTY GO TO &20

P 1800 IREC=]1REC+1

D1810 WRITEC1,168) I1RFC» TIME

1820 GO TO 405

V1830 620 IREC=IRFC+1

B 1840 WRITEC1,160) IREC, TIME

P 1850 ENDFILE 1 :
M1860 REWIND 1 ' i

TN OINIIINRNIIIINRS D

21878 CALL RFFLC1,SHTAPE1)
718888 K=t

@ 1899 RFWIND 1
#198R REWIND 2
M1914 REWIND 3
M1S22 O TO 313 i
M1930 310 FRINT,*LAST RFC CREATED,LAST FILE CREATED*

B1940 PRINT,KOUNT,K

#1950 IF(KOUNT.FWU.NREPLIY GO TO 309 ]
P1960 IP=1P+1

, M1970 PRINT,*NEXT 1P 5%
L #1983 PRINT; IP

i 01990 1COPY=IPx2Q

PoARe GO TO 220

#2010 309 CONTINUF
A2020 IP=IP+1

A 2030 PRINT, *NFXT 1P 1S*
@204 PRINT, 1P

P205a@  FND

B D DUF W VR SURCr




SPRINT 06’1071,

! 2860 SUBROUTINE MOVSC TNs XLAST, YLAST, ALAST, XNOW, YNOW» END» Vs
] 92070+ COURSE,XX,DT,R) ;
: 22880 1FC(IND.EG.®) GO TO 28 :
@209 HX=DT*VxCOSCALAST?
A2100 DY=DTx«VUxSIN(ALAST)
@211@ RNOW=SORT{(DX+XLASTI#*2+(DY+YLAST) **2y
22120 IF(RNOW.CT.RKY GO TO 206
2130 XNOW=XLAST+DX
2148 YNOW=YLAST+DY
g2is8 GO TO 1@
2160 20 CONTINUE
92170 IND=1 .
02180 ALPHA=6.28319*%RANF (XX) ;
02190 PHY=ALPHA+ALAST ;
@223 FPHY=AMOD(PHY, 6.28319) !
B2,  DX=DT*Y+COS(PHY) ‘
pPePR  NY=DT*VxSINCPHY )
32293 RNOW=SORT((DX+XLASTI«a2+ (NY+YLASTI**2)
@2240 1F(RNOW.GT.R) GO TO =2#
22253 ALAST=sPHY
YWeeel XNOW=XLAST+DX
2270 YNOW=YLAST+DY
22280 1@ CONTINUE
22290 TNnTN+1.
?230@ KETURN
2319  FND




L ITBAL Ae710/771.

AOI1BG+ BIBROUTINF LITBALCTN,XLAST, YLAST, ALAST, XNOW, YNOW, INDs Vs COUKSE, AX
0122 IFCIND.EQ.OY GO TO 280
NAI30 FLEN=TN*DT%\
PN140 TF(FLEN.GT.COURSEY GO TO 20
AN150 DX=(DT*V)*COSCALAST)
NO160 DY=(DT*WI=SINCALAST)
DO1T70 RNOV= SOQRTOI(DX+XLASTY**2+ (DY+YLASTI*%2)
ARIBR IF(RNOW.GT.RY GO TO 20
ANI9N  XNOW=XLAST+DX
D200 YNOWsYLAST+DY
Ang210 "0 D 19
naren 20 CONTINUE
AA230  IND=1
v, NA240  TN=1,
PALSA  ALPHA=6.2B3192+#RANF(XX3
Pa26R  PHY=ALPHA+ALAST
v nO270 PHY=AMODC(FHY, 6. 25319)
N NA28R  NDX=(DTxWI*COSCPHY)
) PAZ2I9N  DY=(DT*V)*SINCPHY)
PO30A RNOW=sSORTC(DX+XLASTY*#2+ (DY+YLASTY*%2)
BO318 IF(RNOW.GT«R) G0 TO 28
PR320 ALAST=PHY
PR330  ANOW=XLAST+DNX
@0340 YNDW=YLAST+DY
PA3ISA 180 TN=TN+1.
20363 RETURN
AN3TA  FND



STATICS

Nna100

DO112+

AO120

na130

Q2140

AA1SO

NA160

pnat1A

nAi1gn

no19a

2 R1:441%]

nR210
" PO220
nazlv
R O240
nearzse
Ba260
pR2Td
292280
na29n
[ RRe11%)
20310
av320
AM330
AA340
BA350
N N360
AA37G
AA3RA
A0390
N Aanen
AAA10
AA42R
D RA2R
A A440
N RAase
AA 460
P04ATA
A BAaBN
Lo 2490
S e ROSO0
' nASIA
AES20

A0530

00540

N A550

OS540

A0570

NOSHA

ANsS50

6718771,

PROGRAM STATICSCINPUT,OUTPUT, TAPF 4, TAFES,
TAPE 6, TAPET, TAPER, TAPEY, TAPEID, TAPEL 1, TAPE12)
13 CONTINUE

PRINT,*ENTER FILE NO*

RFEAD, K

GO TO (3,3,3,4,5,657:859,10,101,12),K
3 CONTINUE

FRINT, *FRR=-FILE NOT USF » TRY AGAIN=*
&0 TO 13

4 NAME=SHTAPF 4

GO TO 14

S5 NAME=S5HTAPES

GO TO 14

6 NAME=SHTAFES

G0 10 14

7 NAME=SHTAPE?Y

GO TO 14

E  NAME=SHKTAPFE

GO0 TO 14

9 NAME=SHTAFEY

G0 TO 14

10 NAME=6HTAPFE10

G0 TO 14

11 NAME=6HTAFEL]

GO ToO 14

12 NAME=6HTAPEIR

G0 TO 14

14 CONTINUF

CALL RETR(K.NAM)

REWIND K

READ(K, 5SIKOUNT

55 FORMAT(I1®)

IF(KDUNT.NF. 0 GO TO 20

PRINT, *® REC ON FILE K, TRY AGAIN=®
GO 10 13

2P0 CONTINLUF

SUM=0@.

50  KEAD(K, 30) 1, TIiME

30 FORMAT(I 10,FE20. 4)

SUM=SUM+ TIME

TFCL-NE-KOUNT) o TO =1 %)

I1SUM=1]

IFCISUM.EQ.KOUNT) G0 T0O 60
PRINT, * FRROR-KQUNT NOT MATCH LAST RFC NO=x
60 PRINT,*xISUM, SUM®

PRINT, I SUM, SUM

FEAN= SUM/FLOATCI 5tiM)

REWIND K

SUm=0.

8 READK, 38 1, TIME

ke i

PR PP S BT Y

L e v i e




STATICS

D600
nas1o
00620
AB630
A A6 40
AR650
AA660
AA6TH
NOeEn
Noa90
PB7006
00710

86710771,

X=(TIME-FEAN) *%2

SiM=2S1M+ X

IFCL.NF.KOUNT) GO TO &9
GO TO 179

% VAR=SUM/ZF 1AT I StiM)
STAN= SQRTC VAR
FRINT, * SAMPLE SIZF I Sx
PRINT, I SUM

PRINT, *MEAN, STANDARD DEVIATION, VARIANCE *
PRINT, FEAN, STAN, VAR

RETURN

END

PR




UPDATE B6/s10/7TYe

r ¥uv18@ PROGRAM  UPDATECINPUT,OUTPUT, TAPE1, TAPE2, TAPES3S
- ®0ii0+ TAPE4, TAPES, TAPU&s TAPET, TAPEB, TAPE9D)
: 00128 2 CONTIMUE
@A132 PRINT,*THIS IS DATA FILE UPDATEx
20148 PRINT,*ENTER FILE NOx
POIS@ READ,IFILE
PBred PRINT,*ENTER,K AND KOUNT, K=1 OR 2 FOR FILE TAFPEl OR TAPE2#
00178 PRINT,*KOUNT=NUMBER OF RECORDS TO BE INSERTEDx
@@180 READLKsKOWNT
89198 CALL RETRCi,SHTAPEL)
@ 2200 CALL RETRC(Z, SHTAPEZ)
0218 GO TO (1515154555675 1FILE
@226 1t PRINT,*ERROR~IFILE LESS THAN 4, TRY AGAIN*
PP230 PRINT,IFILE
we246 GO TO 2
BO25@ 4 NAME=3HTART4
pe2ed 60 TO 88
_ 2270 % NAMY=SHTAFES
—_— @222 GNH TO &3
a AR298 & NAME=3HTAPYG6
' 0p398 GO TG 88
PA312 7 HNAME=SHTAPET
. pa3es 60 TO 88
e B0330 8 NaME=SHTAPES
b #2340 GO TO 88
_ 80356 9 NAME=S5HTAPEY
co @u3emd GO TO  BY
. u #3790 88 CALL RETRCIFILF,NAME)
PA38A  RFEWIND IFILE
AM393 REWIND 1
o 40400 REWIND 2
y PEA1E  KFWIRD 3
, ¥RA420 129  CONTINUE
P @0430 READCIFILF, 101> ILAST

(&8

53 RO 440 PRINT,ILAST
R WP4a5@ IFCILAST.FO.®) GO TO HE8H
S DO460 181 FORMAT(LI®)

NB4T73 NREC=KOUNT+ILAST

PN48H0  WRITEC2,101) NREC

BR49h PRINTLNRFC

2353 ICOUN=1

o oR512 138 CONTINUE

S ABS20 REANCIFILE, 103) 1, TIME

é QAS38 1P FORMAT(11@,EZ20. 4
’ OB542 IFCICOUNLFEG.ILAST) GO T0 119
h PDS5SH  WRITEC3,100) I, TIME

OAS60  ICOUN=TICOUN+I|

Aaes7Td O TG 131

oNS80  11@  WRITE(3,100) ICOUNs, TIME

ABS9A  TCOUN=ILAST+!




UPDATE

T 20600
: 00610
#6520
00630
#0640
60650
20660
¢ 0670
@688
P69
20700
ART1E
PoT20
2n730
a3B740
20750
20760
aa770
# 00780
30790
A AEA0
20813
0 08O
20530
#2840
0850
02860
20870
20880
Aes9n
B09080
@290
20922
P 09an
A 09 49
Anose
00960
Aa970
G A9RD
20990
21000
1010
21020
91030
81049
#1050
01069

D6/108771

158 REWIND K
READCK, 101> I

151 CONTINUE

READCK, 180> 1, TIME
WRITE (3, 100) I1COUN, TIME
IFCICOUNL.EQ.NRFC) GO
ICOUN=TCOUN+}

GO TO 15t

140 WRITE(3, 1898)
ENDFILE 3

REWIND 3

REWIND IFILE
REANC3, 191> NREC
WRITECIFILE> 101) NREC

240 READ(3,10@) 1COUN, TIME
IFCICOUN.EQ.NRECY GO TO
WRITECIFILE, 109) 1COUN, TIME
G0 TO 248

230 WRITECIFILE, 180}
ENDFILE IFILE

REWIND IFILE

CALL REPLCIFILF,NAME)
PRINT,*¥ILE UPDATF IS,LAST REC CREATED IS%
PRINT, IFILFE, ICOWN
G0 TO 99

888 CONTINUE
REWIND IFILE
NREC=KOUNT
WRITECIFILE, 191)
RFAD(K, 725) KOUNT
725  FORMATC(I10)
1COUN= 1

210  CONTINUE
READ(K» 100) I, TIME
IFCI.EQ.KOUNT) GO
IFCICOUN. EQeKOUNT)
WRITECIFILE, 108)
1COUN=TCOUN+1

0 10 219

296 WRITECIFILE,10@) ICOUN, TIME
PRINT,*FILE UPDATE IS,LAST REC CREATED=
PRINT, TFILE, Y COUN

FNDFILE IFILF

RFWIND IFILE

{0 140

ICOUN, TIME

238

ICOUM, TIME

NREC

TO 209
GO TC
ICOUN, TIME

200

CALLl. REPLCIFILE,NAME)
99 CONTINUF
END

e




FILECR D&/ 10771,

AA106 PROGRAM FILECRCINPUT,OUTPUT, TAPE1, TAPE2,
@P110+ TAPEG, TAPET, TAPES, TAPES, TAPF 10> TAPF1 1, TAPEL2)
AR120 DO 180 I=4,12

AaQ130 -0 TO Cds d5 8, 45556575839, 10,11,12),1

BG140 4 NAME=SHTAPE1

PBiIS® 1FILE=1

2160 GO TO 110

08170 S NAME=SHTAPED

00180 1FILE=P

G190 GO TO 119 ]
QP00 & NAME=SHTAPEG

0218 IFILE=6

@22y GO TO 119
PB236 7T NAME=SHTAPF7
PR24@ IFILF=7

0250 O TO 1190
00260 & NAMF=SHTAPES
A0279 1FILE=S

PR280 GO TO 110
PR298 9 NAME=SHTAPE9 §
PA300 I1FILE=9

22310 60 TO 110

0O320 10 NAME= 6HTAPE10

PV338 IFILF=10

R340 GO TO 110

@A350 11 NAME=&6HTAPEL I

32362 IFILE=11

@e378 GO TO 112

PO38@ 12 NAME=6HTAPE1?

PP398 IFILF=12

PA4P? 110 CONTINUE

PR418 REWIND IFILE

PB420 1COUN=Q

BPa3n I1i=1

AR44an TIMF=0.

@P4SH WRITECIFILE, 3@) ICOUN
NR46T 3@ FORMAT(IIO)

AR4T® WRITECIFILF,35) 11, TIME
POABD 35 FORMAT(I 1P, FE20.4)
PP49 FENDFILFE IFILE

AOSPM® RFWIND IFILE

20510 106 CONTINUF

AAS2R  FND

i S D
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Appendix C

PROGRAM LISTING FOR CONTINUOUS SEARCH -~
DECOY FIELD SUBMODEL (MOD 3)

[ T N SSPUEE



MOD3 A6/ 11771,

D120 PROGRAM  MGDICINPUT,OUTPUT, TAPF 1, TAPEF2)
AN1IID DIMENSIGN TNDCS)I XN LY DY, ANCDCSY , INDIS)Y, COURDCS)
PR120 DIMENSION NOPD(S5), ICHASDC(S), VNC(5)
PP130 DIMENSION TDCVACSD?, TDCOY(S0N),KPNISPN]
PA14n DIMENSION  VD(S)

NO1SH  DIMENSION  DTMON(S)

PO160 DIMENSION IPARCS)

PA172 PRINMT,*ENTER NO OF DECOYSx

AO1BG RFADSNDECOY

aaI9n DD 2803 NI=1,NDFCOY

PA2A% PRINT 2010,N1

PA210 2018 FORMATC(IH *ENTER FOR DFCOY NO*, 1 3, 2X, % COURD, VIX*)
22200  READ, COURD(NIDY, VD(NI)

nAR3G 2000 CONTINUE

AAR240  PRINT,*ENTER VCs VS, COURC, COURS*

[ RoFRY] READ, VC, VS, CNULIKC, COUKS

NO2612 FRINT,*ENTER TC, TMs R1R, R2i%

0N270 RFAD, TC» TMs R1R, K2R

280 PRINTS®eENTER NO OF KEFLICATIONSONOT 10 EXCEED 500) %
"A290  RFEANDSNREPLI

NN3A0 NINT=590

AB310 1TGTS=0

nN32B  TR1=

nAI3IN I1P2=5

nA347% K=200.

PA3SA  PRINT,*C»

50360 PRINT,*CVA, DFCOYS RANDOM START IN AxEA*
U370 PRINT,*xSUR RANDOM START ON HOUNDAKY*
NA3HD FRINT, *C*

NA32A FRINT, *COUNTER TIMF FNCOUNTERED*
ONan®n CALL SECONT? X)

NA410  Y=KANF(X)

D420 XX=0.

ADA30 TIMF=U.

O N440 HkS=0.

nnasy KOUNT=0

N Nakh TOND=0

neaTd KONC=0

nnage 15 CONTINUE

a9 DO (A2 INY=1.NDFCOY

oas59 DTMONCIDY )=V

ONORCE N B Y CY CONTINLIF

nMAsRA  TiMEzQ.

AAS3N  HRS=0.

AR540 INC=0

NAs5n INS=@

005670 TNC=0.

POSTO TNS=0Q.

N ASEN ICHASS=D

AOS99 DFE=5T7.+(1T./760.)

c-2



MOD3

ONEnn
ARhALD
NP 620
ANA3D
00640
PA6SH
AAALLH
BNeT0
OR6RD
NE690
20I00
20710
nnI2H
ne730
D740
MAT7S9
Na760
AOT770
AN7I80
ANTID
DA8OY
NAB10+
NARPG
A NS%30
P NS 40
ARESH
NORED
AARTO
ANSRO
NARIB
Na9R0
npain
API20+

N6/11771.

no 2 I=1,NDFCOY
INDCII=0

TNDCI)=0.

ICHASDC I =0

2 CONTINUF

200 CONTINUF

ANGC= 6. 283 19*KANF (XX
RADUS=R*RANF{XX)
AC=RADUSKCOSCANGE)
YC=RADUS*kSINCANCGEC)
TNC=TNC+1.

ANGS= 6o 28319 RANF(XX)
RAD=R

XS=RADXx COSCANRS)
YS=RAND* SINCANGS)
TNS=TNS+1.

INC=1

INS=1

IF(NDECOY.EQ. @) G0 TO
D0 4 I=1,NDECOY

CALL  INDCOYCANGDCI)»XDCI)L,YDCIN > XCso YCH» XSy Y 5)

XXs Rs UDCCL) 5 VS, VO
TNDCIDY=TNDCIY+ 1.
INDCED) =1

4 CONTINUE

8500 CONTINUF
NT=A.5

202 CONTINUE
TIMF=TIME+DT
HRS=HRS+DT

1C=0

CALL LITRALCTNGCsXC,YC,» ANGC, XNO U, YNOW, INC,
VC, COURC, XX Vs VSs UDC» XD YN, T CeNDEGOY »

APe30+XC, YC)

N0 ad
7 AsSo
S SR NAC]
"AY70
NO98?
nNEIIR
21000
pIeIR
N1O2H
21030
A 1640
n1asn
B 106w
A1a70
N1A8N
n1A9n

XC=XNOW

YC=YNOW

IFCICHASS. FEa ) GO TO
IF(STMONCNF.TIMED -0
DO 316 I=1sNDECOY
TFCIOHASDCTY . FR. ) =0
3100 CONTINUE
PRINT, * ERK«-FNCOUNTEKREFD
PRINT 3,1

3 FORMATCT 1)

G0 TO ap2a2

315 X5=XDCI)

Yo=YDCI)

TNS=1,

ANGS= e 2831 IR RANF (X XD
InNS=1

§0a

309

T0 3¥5

T0 315

DFCOY NOT TURNED ON#*

o.
(4]



MOD3 06711771

21100 ICHASS=Q

n111¢ GO TO @2320

21128 300 CONTINUE

m1138 IC=88

1148 CALL LITBALCTNS,XS,YS,ANGS, XNOVs YNOW, INS, VS,
1158+ COURS, XX, VC, VS, VDCs» XD,YD» IC,NDECOY,
N1160+XC,YC)

1170 XS=XNOW

1180 YS=YNOW

01192 GO TO BA320

21200 30% IF(TIME.LT.STMONY GO TO 320
n1218 GO TO 00360

nieen 320 CONTINUE

" 1230 IF(NDECOY.EQG.@) GO TO 379

12480 DO 33® I=1,NDECOY

212%9 IF(ICHASD(IY.FL.1> GC TO 331
1268 IF(TIME.LT.DTMONCI)} GO TO 330
01270 IF.TIME.EQ.DTMON(I)) GO TO 338
A1286 358 CONTINUE

a129e  IC=1

A1300 CALL LITBALCTNDCIISXDCIdSYDCI),ANGDCL) s XNO ¥, YNO W,
21310+ INDCID,VDCI), COURDCII s XX» VCa VS, UDC» XD5 YDy
0 1322+1C,NDECOYS XCoYC)

A1330 XDCIIX=XNOW

A1342 YDCID=YNOW

21350 O TO 2@339N

#1367 331 CONTINUE

A1370 IFCTIME.LT.DTMONCI)Y GO TO 250
#1380 IFC(TIME.EQ.DTMON(IY) GO TO 345
A139G IFCCTIME-DTMONCIDIILLT.DTY GO TO 342
71400 PRINT,*ERR-ICHASD=1,DTMONL T TIME*
A1417  PRINT, TIMEL,DTMONCI), 1

1420 1CHASDC(IY=0

@143 €GH  TO 20337

A 1440 342 CONTINUE

P 1450 TCHASDC(IDI=R

M 1460 I1CHASS=0

21476 DTMONCII=DTMONCTI) +TM

14585 XKS=XDCI)

01490 YS=YDCID)

15088 INS=}

A1s10 TNS=2.

A1520 ANGS= 628319+ ANF (XX)

n1s30 N TD PGP

n1540 345 CONTINUF

15950 ICHASDCI>=Q

P1SeEn DTMONCII=DTMONCI) +TM

A1=70 1CHASS=0

P 1586 XS=XD(1)

N1590 YS=YDCI)




M NN3

A 1600
nialoe
"N1420
M1630
N1 e6att
N1a50
208 WY 3¢
n1AT0
MY AREP
M1690
Al7o0
1719
ol Wy 242
a1 73m
1740
A1750
1760
n1770
N1780
A1790
A 18RO
1810
152
1830
1 840
1850
1 =&
1876
fREO
1ROM
1936
1910
1920
1937
> 1940
tosn
19 60
1273
N 1940
A1990
0200
nento
A2020
N 2a3e
7 2nan
nepen
APA6N
NeRT7n
ARAKD
nenea

DT

23 =

o2 S

o

223

BA/1177)

ANGSR= 6« PER1I+HANF (XX

INS=1

TNR=2.

0 TN ON330

320 CONTINIIFE

376 CONTINUF

420) CONTINUF

Calt, MFEFT(VCs VS AC, YL, XS, YSE, TFND
IFCIFN.EQ. 1) co  TO 106

GO TO 092390

39n CONTINUF

IFCICHASS.FC. 1D GO TO 262

IFCNDECOY FLal?) r0  TO 202

I SAVE=[F

nn 44 I=1,NDFCOY

IFCICHASDC(TIYFL. 1) GO 70 202
IFCTIMELLE.DTMONCI)) cO  TO 440

CALL MEFTOUDCCI)» Vo XDCI) A YD(Id X8, Y 55 1 FND
IFCIFN.FO.0) GO TO 44
NISM=SERTOCXDOII =~ XS %42+ (YDOID =Y 5) ¥ 2)
ISAVE=T

440 CONTINUF

IFCISAVE.FE.6) G0 TO 22

DO 450 I=1,NDFCOY

IFC(IEC I SAVED GO0 TO 450
IF(TIME.LE.DTMONCI) ) 0 TO 450

CaLLl  MEETOVDCCL) > VS, ADCII S YDCD ) » K5, Y 55 TEND
IFCIEN.FW. ) GO TO 450
DIS=SERTCCXDUII=XSI*¥2+ (YD(I)-YS)*%2)
IF(DIS.GT.DISM) -0 TO 450

DI SM=DIS ]
1 SAVF=1 ;
450 CONTINUF [

DTMANCT SAVEY= TIMF+TC

ICHASDCISAVE)Y =1 1
STMON=TIME+TC

[CHASS=

G0 TO AR46n

100 KOTNT=KOUNT+ 1

KONC=KONC+ !

THOVACKONGY =HRS

[PRINT=1P15 1

TFCIPRINT.NESKNIINTY GO TO 1900 :
[RP1=P1+" 1
PRINT 25, KOUNT, TNCVACKONG) :
9%  FORMATCTII0,FE11.4)

WKITFC1,95) KOUNT, TDCUACKONG) , TIME
1009 CONTINUF

IFCKOUNT. FRLNRFFILTY 0 TO 97
ISTAT=1PP% 10

i
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MOD3

ne1nn

fA2110

Nne12n

fP136

72140

N2150

nP16D

0170

2149

190

nez2en

AL2210

Neren

a223n

A2240

N 2259

02260

2210

ne2sn

. p2290A
w A e3a0
. Na31a
p2320

”nae330

: N340
T 2350
fe3an
Nn2370
2380
me39n
nNoaan
nearn
A 2420
neasn
0 R440
0N Lasy
nPa6n
N2470
A 2H80
A 2490

N6/11771.

IFCISTAT.NF.KOUNT) G0 TO 1610

CALL  STATCTDCVA,KONC» FEANC, STDFVCs VAKC)
PRINT, *MEANC, STDFVC, VARC*

PRINT, FFANCs STDEVC, VARC

CALL FREQCTDCVALKONC, ISTAT.NRFPLISNINT, I TGTS)
PRINT,*FREQUENCY GT S009.-C N*

PRINT, ITGTS

IF(KOND.EC. B} GO TG 15

CALL FREQUTDCOY,KOND>KOND»KONDsNINT, ITGTS)
PRINT, * FRFEGUFENCY GT SARQ.-DECOY*
PRINT,ITGTS

I1P2=1P2+5

c3 TO 15

4R G CONTINUF

KOND=KOND+ 1

TDCOYC(KOND)Y=HKS

KPD(KOND}=KOUNT+1

G0 TO @z202

1310 CONTINUE

G0 TO IS

97 CONTINUE

CALL STATCTDCVA,KONC, FEANC, STDFEVC, VAKE)
PRINT #MEANC, STNFVC, VARC*

FRINT1 76, FEANC, STDEVC, VAKRC

176 FORMAT(3F 1. 4)

CaLl. FREGC(TDCVALKONC, i STAT,NKFPLILNINT,ITGTS?
PRINT, * FREQUENCY AT SO00.-CUA*

PRINT,ITGTS

R TO 999

TF(KONDLFO.0) O TO 999

CAalLL  FRECQCTDCOY, KOND,KONDs KONDLNINT, [ TGTS)
PRINT, * FREQUFNCY ¢T SE90.~DECOY*

PRINT, ITGTS

IF(kONND.FO.Y O TG 999

CAalll, STAT(TDCOY»KOND, FFAND S STDREVD, VARD)
PRINT, *MFAND, STDEVD; VARD#*
PRINT1I7€,FEANT, STDEVD, VARD

999 CONTINUF
111 CONTINUF
FND

amihay o i



MNANng

2500
A2s1p
nesen
fAR530
M2%40
" 580
nessg
aesta
Anssn
noson
RRAGD
nLarn
2620
P2s3n
A2640

Daz11/7711,

SURBRNDUTINE STAT(TIMF,ICOUT;FFAN;bTDEV,VAH)

NDIMENSTON TIMEC(Sp0)
Shiv=g,

PO 5 I=t,1C0HT
FUM:SUM+TIMF(I)

5 CONTINUR
FEAN:SUM/FLOAT(ICOUT)
VAR=p,

Do 1o I=1, 1¢c00T
VAR=VAR+(T1MF(I)—FFAN)**?
14 CONTINUR
VAR=VAR/FLOAT(ICOUT)
STDHFEV= SGRT¢ VAR
RFTURN

END

£
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MON2

D2650
NL66D+
N2670+
P 2680
aLeor
A2790
noene
Na120
N30
P40
B2750
A2760
neTte
A27R0
B2IIA
QPRAM
D810+
QD R2R2A
2736
AL2840
poRSN
AP0
ALETM
MORKA
nosK9n
resap
mog|n
02920
A2930
N 240
2950
2L
(o~ A R JA]
negRn
N YA

alcYaTile)
v b te g

T

72N
03020
3030+
A 30 a0
na3nsn
D3DAD
G 3070
N3AKH
?3090
13100
A3110
03120
nL1an
N314a9

N6s11/771.

SURROUTINFE LI TBALCTN, XLAST, YLAST, ALAST» ANO Y, YNO Ws IND,
U, COURSES XX» VC» VS, VDG, XD, YD» [CoNDECOY,

XCsYC)

DIMFNSION DYMR(S5), SUMRK(S)

DIMENSION  XNDCS)Y,YDIS)I, ' DCCS)

NT=.5

=200 .

IFCIC.EQa) GO 1D 20

IFCIC.TTa88Y GO TO 30

IFCIC.LE-NDECOY) GO TO 25

PRINT,*ERK, IC INCORKECT*

PRINT, IC

RETHRN

29 COMTINUE

IFCIND.EG.®) ¢O  TO 15

CALL XYNOWCTN, DT, Vs XLAST>YLAST, COURSE, ALAS T, ko
XNOW YNOW, IND, ANOV, TANG)

45 DO 4@ I=1,NDFCOY
DYMRCIDI=SQRTC(ADCII~XNO W) %24 (YDCL)~YND W) *¥ 1)
RCS=R2R

VP=VYDCCTD

SUMR(II=ROS+RIK

[F(DYMK(I)LLE. SUMRCI ) GO TO 35
40 CONTINUF

IFC(IANG.EC. D) 0 TO 999
ALAST=ANOV

IANG=0
GO TO 999
35 IND=D

15 CALL NPHY (XX, Ko Vo, DT XLAST YLAS TS ALAS T ANO U,
ANO W, YNOL, TANG)

TN=2.

IND=

ITANR=]

rn - T0 45

25 CONTINUF

IFCIND,FL ) N 10 50

CALL  XYNOWCTN, DT, V, XLAST, YLAST, COURSF, ALAET, ks
KNOW, YNOW, IND, ANO W, TANG)

ACE=KAR

62 DYMRCICI=SURTCCXT=XND D * %2+ (. C-YNOV) +*2)
VP=UNCCIC)

SIMRCOICY=HOS+RTR

[FIDYMRCTICY e LFe SUIMRCICY)D cno T 5%

IFCIANG. FG.0) GO T0O 999

ALAST=nNOW

[ANE=0

0 TO 999

St CONTINUIE
IND=0




MOD3 PN6/11/7 71

{ 23156 5S¢ CONTINUE
. i N31ed  CalLL NFHY(XX;H;V,DT;KLAST.YLAST:ALAST;ANOV,
i P70+ XNOW, YNOU, INAG)
e N31EB  IND=1

3193 TN=D,
A 3200 1ANG={
A3218 G0 TO &M
Baeg26 3¢ CONTINUE
A3233 IFCINDCEQ. ) RO TO &5
n 3240 CALL KYNOW(TN;DT;V;KLAST,YLAST;COURSFJALAST)RJKNOW,
€ 3250+ YNOW, IND, ANOV, 1ANG)
A32A0 IF(IANG.EW.0) GO 10 999
D 3270  ALAST=ANOW
A 2280 1ANG=Q
3290 6o TO 999
N 3300 &S CONTINUE
3319  CAaLL NPHY(XX.R,V;DT.KLAST.YLﬁST;ALAST;ANOW;
B 3323+ XNDVL, YNOW, 1ANR)Y
73338 TN=2.
¥3348 IND=1
A 3350 ALAST=ANOY
A3TAA  1ANG=D
A3376 999 CONTINUE
723380 RETURN
03390 END




MDD

3400
73410
73420
A 3420
R 3440
¢ 3450
V3440
A3470
" 3480
P 3490

AR/1177T1,

SURROUTINE MFET(VC,V3sXCo YL, A5,YSs TEND
RP=60.
RANGE=SQRTCCXC-XS) ¥ %2+ (YC-Y S) *%2)
IFC(RANGFE. GT. R®) 0 10 10

TFN=1

GO TO 00020

1@ IEN=0

20 CONTINUE

RETURN

FND
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MOD3

A35A0
M3510+
3520
N 3530
23540
03550
N 3560
n3570
035606
A 3590
02600
n3el1@
3620
36307
A Re4D
M 3650
ARGEN

Q6711771

SURROUTINF INDCOY(ANGD1+XN1,YD1,XCrYCs XS» Y55 KXy Ks
VNC, VS, VEY

5 CONTINUF

ANGDI=6. 2831 9% RANF (X X)
RAD=Rx RANF ( XX)

XD1=RAD*COSCANGDLY
YD1=RAD®SINCANGD1)

CALL MEET(VYDC, VS, XD, YD1, XS, YS, TEND
IFCIEN.FO. 1) GO T0 5

RDS=RIR

RC5=R2R

SIMR=RDS+RCS
RCVADY=SORT((XC-XN1) %2+ {YC~YD1Y**2)
I (RCVADY . CTs SUMK) KETURN

€10] TO 5

RFTURW

D

- it



A3670
G 368D+
N3697
3706
RGN R YX
@ 3720
03730
P 3744
D3TS5
¢ 3760
031N
73780
NnIaT790
AZRAA
n3810
Rt ael0)
O ARIN
A RR 40
P 3RS0
NAKAA
3T
AN

hesz11771.

SURROUITINE XYNORCTNS DT V, ALASTS YLAST,COURSE, ALAST, Ko
ANOVLYNOV, IND, AND W, TANG)

S CONTINUFE

FLEN=TN*DT% VY

TFCFLFN.GTCOURSED GO TO 1

NAX= (DT *CNSCALAST
DY=C(DT*VI*SINCALAST)

RNOW= SORTC(DX+ XLASTY * 42+ (DY+YLASTI**2)
IFCRNOW.GT. 22 GO TO 19
XNOW=XLAST+ DX

YNDV=YLAST+DY

TN= TN+ 1.

IANG=0@

o T» 99

10 (ONTINUF

CALL NPHY (XX, Ry VoDRT> KLAST, YLAST, ALAST ANOQ W, ANO > YNOY, TANG)
TN=2,

IND=

TANG= ]

99 CONTINUE

RFTHRN

FND



M ON3

039N

nes11/7771.

SHRROUTINF  NPHY (XA, Ha Vo DT, XLAST, YLAST, ALAST,

13906+ ANOL, XNOVLYNO Vs TANG)

n3919
ClcleR-)
» 3930
73940
93950
3960
23970
N 39806
N 29907
24000
fan 1
e WPA%¥54%)
B AaD30

20 CONTINUE
ALPHE= 6283 19% RANF (XA)
PHY=ALFRA+ALAST
PHY=AMONCPHY,; £ 28219

NA= (DT VY *COSCPHY)
DY=(DT* V) *k SIN(PHY)
RNOW=SORTCCDX+XLASTY * %2+ (DY+YLASTY**2)D
IFCRNOVWeGT«R) GO TO 20
ANOV=PHY

ANOW=XLAST+ DX
YNOW=YLAST+DY

RETUKN

END

C~13
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S VP USRS U

o

M ONa

7 a0 40
0 4050
0 a9 &6
74070
0 angn
4090
%4100
74110
Aa126
04130
P41 40
#4150
D 4169
na176
04180
Ma190
04200
B 4210
04229
A 4230
N 4240
A 42504
04260
A A2TR
04260
7?4290
N 4304
N4a31m
@ Aanen
0D alian
042 492
M 4350
B 4360
a2
A7 0)
4390
L4000
HH110
4420
H430
844,40
D 4458
N NHER

TR IDIRDG

Aer11771.

SURROUTINE  FREQOTDCYVA,KONC, ISTAT,NREPLILNINT, I TGTS)

DIMENSION TDOCVA(SAM) , IFRECSAN)Y, TCOMCS500)
DIMENSION [FRECCS52®)

1TaTS5=0

IFCISTAT.LT.NKFPLID c0O TO 5
IS5UM=NREPLY

G0 TO (S

5 ISUM=1STAT

6 TINT=1P.

TMAX=0)a

DO 7 J=1,.NINT

IFRF(J)=0

IFREC(I) =0

7 CONTINUE

DN i I=1,18UM

DO 20 J= NINT

TCOMPA=FLO/. T¢JY*TINT
IFCTDCVACIY L CT 5203« GO TO 40
IFCTODCVACL) « GTe TCOMEFAD da T0 20
IFRFCII=IFRF (IO +1
IFCTCOMPA.LTsa TMAX)Y GO TO 19
TMAX=TCOMPA

GO TO 109

40 ITCTS=1TGTS+1
0 To 1@

20 CONTINUE

1% CONTINTIFE

IP=TMAX/ TINT+ 1.

no 30 I=1,1P
TCOMCIY=FLOATCI)* TINT

an CONTINUFR

IFRFCCI)=IFKRF(12

no 116 I=2,1F
ITFRFCCIY=TIFRECIY+IFRECCTI -1

114 CONTINUE

PRINT +*TIME INTERVAL, FRECUFNCE,CIM Fx*
no 100 =1,1F

TFCIFRFCTIY e FU ) GG 10 100
PRINT 35, TCOMCI) L, IFRECINL IFRRECLY)D
35 FORMATCOIH ,2X:E11.2,2X,21 19
100 CONTINUE

RETUREN

TND
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